ABSTRACT
INTRODUCTION
The systematic sequencing of libraries of complementary DNA (cDNA) is becoming a common approach for the rapid identification and cataloguing of genes in a variety of organisms (1, 6, 18, 20, 21) . The general strategy of such approaches is based on "single-pass" systematic sequencing of random cDNA clones, which results in the production of short partial sequences generally known as expressed sequence tags (ESTs) (2) . In some cases (e.g., human brain, Reference 3), the number of new genes identified can be very high due to a reduced number of redundant transcripts, which may be more apparent than real as a result of the adopted strategy. But in other cases, the presence of highly represented tissue-specific mRNAs in strictly committed organs like muscle (16) , heart (10), liver (11) and pancreas (17, 19) would greatly hamper the identification of rare transcripts by a random sequencing approach. To overcome this obstacle, several strategies have been developed such as the construction of normalized libraries (7, 12) , the subtraction of common mRNA before copying it into cDNA (14, 15) or the prescreening of libraries with probes for the most abundant mRNAs by large-scale dot blot analysis (9, 10) . The use of normalized libraries seems a good solution, but this will not allow the study of the relative expression levels of the genes active in a certain tissue or developmental stage. Subtraction protocols are normally based on several rounds of hybridization of the mRNA to be cloned with a competitor antisense single-stranded cDNA followed by the elimination of cDNA-mRNA hybrids (5, 15) . Often, the amount of the remaining non-hybridized mRNA is too little to generate a library and can only be used as probe for screening a preexisting full-scale cDNA library (14) . Furthermore, in theory, using subtractive or normalizing strategies, one cannot be sure that during the hybridization process, rare transcripts or slightly different forms of abundant mRNAs would be lost. Finally, the screening of large number of cDNA clones by hybridization with probes is time-consuming and demands a good calibration of hybridization conditions to avoid misleading results.
We have prepared a cDNA library from human adult skeletal muscle in order to study its transcription profile by a random sequencing approach, and the results of this analysis are presented elsewhere (9) . After having sequenced the first 1000 clones, we realized that in this tissue there is a small group of highly transcribed genes. This paper presents a prescreening test for such most-abundant trancripts and its application to our project of systematic sequencing of ESTs from human skeletal muscle. The screening method is based on a semi-multiplex polymerase chain reaction (PCR), which uses a combination of "interference" primers identifying abundant transcripts with a pair of universal primers adopted for template production. In agarose gel, the PCR of abundant cDNAs show double bands (one generated by the universal primers and the second by the specific interference primer), allowing their immediate identification and recording before sequencing.
MATERIALS AND METHODS

Primer Selection
All the primers were derived from the consensus sequence obtained by aligning all the EST homologues to the same transcript, and the sequences were taken from a region close to the 3 ′ end of the consensus in order to maintain the hybridization with the shortest cDNA clones of the library. The set of primers used for the semi-multiplex PCR has been designed with the help of a computer program called SM-PCR, especially written for this purpose and available by anonymous file transfer protocol (ftp) at eos.bio.unipd.it. Given a set of ntarget sequences, the program tries to find acceptable sets of oligonucleotides (one per each target sequence) that satisfy the restrictions indicated in the following list, where magic, oligolen, unbal, e2, e3, e4, e5, d and s are parameters defined by the user: (i) the last magic bases at the 3 ′ end of each oligonucleotide should not find any inversecomplementary sequence in any oligonucleotide of the set; (ii) the length of the oligonucleotides should be oligolen bases; (iii)the maximal number of G+ C or A+ T should not be more than unbal ; (iv) the last e2 bases should not contain more than e3 G+ C; (v) the last e4bases should not contain more than e5G+ C; (vi) not more than dcontiguous G+ C or A+ T are allowed; and (vii) not more than scontiguous repeat of the same bases are allowed. The primer sets are then checked manually for homogenicity of melting temperatures using the program OLIGO ™Version 4.0 (National Biosciences, Plymouth, MN, USA). All the oligonucleotides described in this paper were purchased from Genset (Paris, France).
Insert Amplification, Template Purification and Sequencing
The human skeletal muscle cDNA library consists of 3 ′ -end specific cDNA fragments sonicated and size-selected in the range of 450-550 bp. These cDNA tags are directionally cloned in the plasmid vector pcDNA II (Invitrogen, Leek, The Netherlands) and carried by the TOP10F ′ bacterial strain (Invitrogen). Individual recombinant bacterial clones are picked up after overnight growth on Petri dishes containing SOB medium with 1.5% Bacto ® Agar (Difco, Detroit, MI, USA) and 100 µ g/mL ampicillin and trans - 
RESULTS
The strategy used for the construction of the human muscle cDNA library and the result of its large-scale sequencing are presented elsewhere (9) . Briefly, this library contains inserts 450-550-bp-long corresponding to the 3 ′ end of the muscle mRNAs cloned directionally into plasmid vectors. cDNA clones are randomly chosen and sequenced, and the resulting ESTs are searched against current databases and assembled in groups identifying diverse transcripts. The relative frequencies of the eight most abundant transcripts as they result from the analysis of 4500 independent ESTs are listed in Table 1 . As can be seen, five mRNAs of mitochondrial origin and three mRNAs transcribed from the nuclear DNA account for the 41.6% of the total skeletal muscle mRNA population. To avoid the continuous sequencing of such ESTs, we designed a semi-multiplex PCR technique that allows the identification of abundant inserts in agarose gel electrophoresis. With the help of a computer program specially designed for this purpose (see Materials and Methods), we designed a set of eight primers specific for the most abundant mRNAs. Their sequence is reported on Table 1 together with the sequence of the universal primers used for template production.
The rationale of this semi-multiplex PCR technique is illustrated in Figure  1a . Since all the specific interference primers are forward primers, they will compete with the universal forward primer in the amplification reaction. The amplification of a cDNA clone belonging to the most abundant groups will therefore result in two bands of different molecular weight: (i) the heavier generated by the universal forward and reverse primers and (ii) the lighter generated by the specific forward primer and the universal reverse primer. Figure  1b shows a typical result of this semimultiplex PCR test on an agarose gel. In Figure 1c , as a control for the shorter specific bands, the same templates were amplified under identical conditions but omitting the forward universal primer. A test for the validation of the tech - The eight most frequent transcripts and their relative abundance in the human skeletal muscle cDNA library used in this work are shown in columns 1 and 2, respectively. Five mitochondrial genes and three nuclear genes account for the 41.6% of the total muscle mRNA population. Sequences and melting temperatures (T m ) of the eight specific interference primers and of the two universal primers used in the semi-multiplex PCR technique are reported in columns 3 and 4, respectively. This combination of primers was generated by the computer program SM-PCR set at the following parameters: magic= 3, unbal = 11, oligolen= 24, e2= 3, e3= 1, e4= 5, e5= 3, d= 5 and s= 4 (see Materials and Methods). 
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nique was done on 192 independent cDNA clones. They were amplified with the mixture of ten primers as described in Materials and Methods, aliquots of the PCR products were run in agarose gels containing ethidium bromide and the results (no bands, single band corresponding to self-ligated vector, single band corresponding to non-abundant ESTs and double bands corresponding to abundant ESTs) were recorded. Aliquots of the 181 successful PCRs were used for sequencing. Table 2 summarizes the results of this test. As can be seen from the comparison between the agarose gel and sequencing results, the method is quite reliable because only one abundant EST did not show double bands and, more important, all the PCRs appearing as single bands represented non-abundant sequences. The single false-negative amplification should not be considered as a major problem because it will be processed in any case for sequencing. Finally, we wanted to assess the possibility of increasing the number of primers in the amplification reaction to see if the detection of an abundant EST by its specific primer would still be possible. The results of such a test are presented in Figure 2a , where two different abundant cDNA clones were amplified using the specific primer mixture described in Table 1 with the addition of 10 or 20 nonspecific 21-mers. As can be seen, even in the largest primer mixture, the generation of double bands is still detectable, and the control lanes (Figure 2b) demonstrate that the smaller specific band is generated by the specific primer.
DISCUSSION
We have developed a semi-multiplex PCR protocol for the rapid identification of specific clones during sequencing of cDNA libraries. The method is simple and reliable and is performed simultaneously with the amplification step for template generation before sequencing. We tested several different sources of thermostable DNA polymerases to obtain unequivocal and reproducible results in agarose gel, and the enzyme described in Materials and Methods is now routinely used in our screening protocol. Surprisingly, the use of DNA polymerases with no 5 ′ -3 ′ exonuclease activity (8) resulted in poor amplification of double bands, even though theoretically these should protect the binding and elongation from the internal interference primer. A normal thermostable DNA polymerase works well in this test probably because the band generated by the universal primers and the band generated by the specific primers are similarly short and do not compete effectively in the amplification reaction.
The result shown in Figure 2 suggests that the technique could allow the use of a higher number of interference primers. We are now testing a combination of 30 specific primers generated by our computer program SM-PCR. In our hands, the presence of such a high number of primers in the PCR is not a problem for the production of good quality templates for the sequencing reaction. Using the two procedures described in Materials and Methods for cleaning the amplification templates, we routinely obtain 350-400-bp readable sequences with less than 1% of ambiguous positions using both the dye-dideoxy terminator or the dye-primer chemistry on PE/ABI sequencers.
The method presented in this paper should be used for the detection of abundant transcripts during systematic sequencing of cDNA libraries, but it could also be useful for the simultaneous identification of many specific cDNAs as an alternative to several rounds of library screening with specific probes or antibodies. Finally, we think that this method could be fully automated by using fluorescent-specific interference primers generated with the Applied Biosystems P RIS M™mul -ticolor labeling technology (PE/ABI). In this case, the agarose gel test would be substituted by an automated detection with a luminescence spectrometer, thus reducing the possibility of errors in the manual inspection of PCR results.
PCR Results
INTRODUCTION
To develop a tumor vaccine, we have been exploring generally applicable methods for attaching co-stimulatory molecules to the surface of tumor cells in order to increase their immunogenicity. In a previous approach, for example, we constructed a single-chain antibody (scFv) containing a free cysteine near its C-terminus against hemagglutinin-neuraminidase in the envelope of Newcastle disease virus (9) . After biotinylating the free cysteine, the scFv can be coupled to any molecules linked to streptavidin. Such antibody conjugates can then be bound to the surface of cells that have been incubated with the relatively harmless Newcastle disease virus. However, one disadvantage of this method is the number of different components.
A simpler method for linking any proteins and other moieties to cell surfaces is presented in this paper. It involves anchoring a scFv antibody directed against the hapten 4-ethoxymethylene-2-phenyl-oxazoline-5-one (phOx) to the cell surface by means of a eukaryotic membrane binding domain fused with its C-terminus. The phOx hapten reacts readily with primary amino and sulfhydryl groups, thus providing an efficient means for coupling any proteins and peptides to the cell surface.
MATERIALS AND METHODS
Amplification of DNA Coding for a
